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Objective: Macrophages are key players in atherogenesis because of their properties to form foam cells
that produce a large variety of pro-inﬂammatory mediators. We addressed the potency of phenotypic
different macrophages to accumulate oxidized LDL.
Methods and results: Surprisingly, anti-inﬂammatory M2 macrophages but not pro-inﬂammatory M1
macrophages rapidly accumulated oxidized LDL. Simultaneously, expression of Krüppel-like factor 2,
a nuclear transcription factor known to suppress inﬂammation in endothelial cells and monocytes,
decreased and the functional phenotype of M2 macrophages shifted towards a pro-inﬂammatory proﬁle,
characterizedbyhigherproductionof IL-6, IL-8andMCP-1and lowerexpressionof IL-10uponstimulation
with LPS. In contrast, Krüppel-like factor 2 expression and the phenotype of M1 macrophages remained
largely unchanged upon oxidized LDL exposure. Downregulation of Krüppel-like factor 2 expression ofytokines
rüppel-like factor 2
M2 macrophages using siRNA technology led to a signiﬁcant increase of LPS-induced MCP-1 secretion.
Conclusions: We show that (1) anti-inﬂammatory M2 macrophages are more susceptible to foam cell for-
mation than pro-inﬂammatory M1 macrophages, (2) exposure to oxidized LDL renders M2 macrophages
pro-inﬂammatory, and (3) Krüppel-like factor 2 is involved in the enhanced secretion of MCP-1 by M2
macrophages loadedwith oxidized LDL. The phenotype switch ofM2macrophages from an anti- to a pro-
inﬂammatory proﬁle may play an important role in pathogenesis of atherosclerosis, and could represent
t.a novel therapeutic targe
. Introduction
Macrophages are key players in the pathogenesis of atheroscle-
osis. Their property to accumulate lipoproteins underlies the
ormation of foam cells, which is the ﬁrst hallmark of an
therosclerotic lesion. In addition, they are the main source
f pro-inﬂammatory mediators in the atherosclerotic plaque.
acrophages, however, are a heterogenous cell population.
nterferon-, selected cytokines such as GM-CSF and TNF, and
PS direct macrophage differentiation towards a pro-inﬂammatory
henotype, named classic M1 macrophage activation. M1
acrophages primarily produce pro-inﬂammatory cytokines and
ighamountsof reactiveoxygenandnitrogen species. Theyarepart
f polarized Th1 responses and mediate tumor resistance, killing of
ntracellular parasites, and tissue destruction [1–3]. Macrophage
∗ Corresponding author at: Department of Medicine (463), Radboud University
ijmegen Medical Centre, Geert Grooteplein Zuid 8, 6525 GA, PO Box 9101, 6500
B Nijmegen, The Netherlands. Tel.: +31 243616636; fax: +31 24 3541346.
E-mail address: B.vantits@aig.umcn.nl (L.J.H. van Tits).
021-9150 © 2010 Elsevier Ireland Ltd. 
oi:10.1016/j.atherosclerosis.2010.11.018
Open access under the Elsevier OA license.© 2010 Elsevier Ireland Ltd. 
activators other than “classic” (e.g. by M-CSF) induce an “alter-
native” M2 activation program. M2 macrophages contribute to
tissue repair [4,5], rather than inﬂammation. M2 macrophages
exhibit reduced pro-inﬂammatory cytokine secretion, produce
anti-inﬂammatory factors (e.g. IL-10) dampening inﬂammatory
and adaptive Th1 responses and have high levels of scavenger,
mannose, and galactose-type receptors [6].
A higher expression of scavenger receptors, as exhibited by M2
macrophages, implies a high endocytic clearance capacity. How-
ever, scavenger receptors are also responsible for excessive uptake
of oxidized LDL and a higher expression of scavenger receptorsmay
therefore be associated with a higher susceptibility to form foam
cells. The potency to accumulate oxidized LDL, however, has never
been studied in M1 and M2 lineages of macrophages. Exposure to
oxidized LDL has been shown to alter macrophage inﬂammatory
responses.On theonehand, pre-exposure tooxidizedLDLofhuman
Open access under the Elsevier OA license.monocyte-derived GM-CSF-differentiated macrophages reduced
the LPS-induced binding of NFB to DNA and decreased TNF and
IL-1mRNAandproteinexpression [7]. Furthermore,pre-exposure
to oxidized LDL attenuated the expression of most LPS-induced
inﬂammatory genes in PMA-induced THP-1-derived macrophages
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Fig. 1. LPS-induced cytokine production by M1 and M2 macrophages. M1 and
M2 macrophages were cultured for 24h in RPMI 1640 culture medium supple-
mented with glutamine, gentamycine, pyruvate, and 10% FCS in the presence of LPS
(10ng/ml) and cytokine concentrations in the cell culture supernatants were then
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Table 1
Expression of genes by M1 and M2 macrophages.
M1 M2 P-Value
LPS-induced
IL-6 2.1 (0.7) 0.2 (0.1) 0.05
IL-8 1.0 (0.1) 1.1 (0.3) 0.75
MCP-1 1.0 (0.1) 0.5 (0.2) 0.03
IL-10 0.3 (0.1) 2.2 (0.4) 0.008
Basal
CD36 0.9 (0.1) 2.5 (0.5) 0.02
SR-A 1.2 (0.3) 2.6 (0.7) 0.08
LOX-1 0.7 (0.2) 0.2 (0.1) 0.03
ABC-A1 0.5 (0.1) 1.0 (0.2) 0.09
ABC-G1 0.5 (0.1) 0.3 (0.1) 0.43
M1 and M2 macrophages were cultured for 24h in RPMI 1640 culture medium sup-
plemented with glutamine, gentamycine, pyruvate, and 10% FCS in the presence
and absence of LPS (10ng/ml). Expression of genes was measured by Real Time
qPCR and related to mRNA expression level of 2M. Results are the means (SEM)easured by ELISA. Results are the means± SEM of 6 independent experiments
erformed with cells obtained from 6 donors. Statistical signiﬁcance of differences
n cytokine production between M1 and M2 macrophages was tested by Student’s
-test. *p<0.05; ***p<0.005.
8]. On the other hand, Groeneweg et al. recently demonstrated an
nhanced inﬂammatory response to LPS in murine bone marrow-
erived macrophages treated with oxidized LDL [9]. No data are
vailable regarding the differential function of M1 and M2 human
acrophages upon exposure to oxidized LDL. In the present study,
e set out to study the accumulation of lipids and the inﬂammatory
esponses of M1 and M2 macrophages before and after exposure to
xidized LDL.
. Methods
Please see the supplemental materials for an expanded
aterials and Methods section (available online at
ttp://www.sciencedirect.com). Brieﬂy, monocytes were iso-
ated from peripheral blood and differentiated into M1 and M2
acrophages by incubation with GM-CSF and M-CSF, respectively.
ubsequently, macrophages were incubated with native or oxi-
ized LDL and accumulation of LDL was quantiﬁed by Oil-Red-O
taining and measurement of intracellular apolipoprotein B.
nﬂammatory capacity of cells upon stimulation with LPS was
ssessed by measuring cytokine production (ELISA) and gene
xpression (qPCR). siRNA transfection was used to speciﬁcally
ownregulate Krüppel-like factor 2 (KLF2) gene expression.
. Results
M1 macrophages have a pro-inﬂammatory proﬁle, while M2
acrophages display anti-inﬂammatory properties upon LPS stimu-
ation. Whereas monocytes cultured for 5 days in the presence of
-CSF (M2 macrophages) showed an elongated shape, monocytes
ultured in the presence of GM-CSF (M1 macrophages) retained
more rounded shape (not shown). Upon stimulation with LPS,
1 and M2 macrophages secreted equal amounts of MCP-1, but
1 macrophages secreted markedly more IL-6 and IL-8 (Fig. 1).
n contrast, LPS induced a signiﬁcant increase in IL-10 produc-
ion by M2 macrophages, whereas M1 macrophages produced only
inimal amounts. Gene expression levels of IL-6 and MCP-1 were
igher inM1 vs.M2macrophageswhereas expression levels of IL-8
ere similar in both cell types (Table 1). In line with the secre-
ion levels, IL-10 gene expression was higher in M2 macrophages
ompared to M1 cells (Table 1). Furthermore, basal mRNA expres-
ion of IL-8 was higher (M1/M2=8.9±3.0, p=0.003) and IL-10
ower (M1/M2=0.4±0.1, p=0.003) in M1 macrophages than in M2
acrophages. In addition, IL-6 expression levels were higher in M1
acrophages (M1/M2=19.2±9.5, p<0.05) whereas MCP-1 mRNA
evels were not statistically different between both macrophageof 6 independent experiments performed with cells obtained from 6 donors. Sta-
tistical signiﬁcance of differences in gene expression levels between M1 and M2
macrophages was tested by Student’s t-test.
phenotypes (M1/M2=0.6±0.2, p=ns). Noticeably, basal secretion
levels of IL-6 and IL-10 from M1 and M2 macrophages were
below the detection limit of our assay. IL-8 basal secretion lev-
els were 1316.8±198.9pg/ml from M1 and 449±67.5pg/ml from
M2 polarized macrophages and MCP-1 levels were 8.4±2.3ng/ml
from M1 and 11.4±0.7ng/ml from M2 cells. In line with previous
results [10], gene expression levels of the phenotypical M2 marker
CD163 were much higher in M2 compared to M1 macrophages
(basal: M2/M1=5.2±1.2, p=0.004; after LPS: M2/M1=20.5±4.6,
p=0.006).
M2macrophages have a higher capacity to accumulate lipids. After
exposure to oxidized LDL, M2 macrophages showed intense Oil-
Red-O staining (up to 4.1 times the value of M1 cells, Fig. 2),
indicating extensive intracellular lipid accumulation. Simultane-
ously, the concentration of apoB in lysates of M2 but not M1
cells increased, suggesting accumulation of oxidized LDL in M2
macrophages (Fig. 2). Incubation with native LDL did not result in
increased intracellular apoB or Oil-Red-O staining, neither in M1
nor inM2macrophages (data not shown). In linewith the enhance-
ment of intracellular ApoB levels, cholesterol ester concentrations
(Fig. 2C) and oxLDL uptake quantiﬁed by DIO-labeled oxidized LDL
(Fig. 2D) were signiﬁcantly enhanced in M2 macrophages exposed
to oxLDL as compared to M1 polarized cells.
Since the scavenger receptors CD36, SR-A and LOX-1 are
responsible for over 90% of oxidized LDL uptake by macrophages
[11,12], we analyzed their mRNA expression levels (Table 1).
Expression of CD36 and SR-A was higher and LOX-1 lower in
M2 macrophages as compared to M1 macrophages. Within M2
macrophages, CD36 was most highly expressed and reached lev-
els 2-fold higher as SR-A and about 80-fold higher as LOX-1
(see Appendix B). After exposure to oxidized LDL, expres-
sion of CD36 was increased in M2 macrophages (2.5±0.5 vs.
4.6±0.9, p=0.003) but not in M1 macrophages (0.9±0.1 vs.
1.0±0.2, p=0.46). Noticeably, gene expression levels of the
cholesterol efﬂux transporters ABC-A1 and ABC-G1 were not sig-
niﬁcantly different between M1 and M2 macrophages (Table 1).
After loading with oxidized LDL, secretion levels of IL-8 were
1222±96.4pg/ml in M1 macrophages and 1648.6±407.9pg/ml
in M2 cells. MCP-1 secretion levels were 4.3±0.9ng/ml in M1
cells vs. 9.4±2.1ng/ml in M2 polarized macrophages after load-
ing with oxidized LDL. IL-6 and IL-10 concentrations after loading
of the cells with oxidized LDL were below the detection limit of our
assay.
Phenotype changes of LPS-treated macrophages after exposure
to oxidized LDL. In M2 macrophages, production of the pro-
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dig. 2. Accumulation of oxidized LDL in M1 and M2 macrophages exposed to oxidi
4h and then intracellular lipid accumulation was assessed using Oil-Red-O stain (A
ster content (C) and uptake of DIO-labeled oxidized LDLwere analyzed (D). Shown a
igniﬁcance of differences between M1 and M2 macrophages was tested by Studen
nﬂammatory cytokines IL-6, IL-8 and MCP-1 increased after
xposure of the cells to oxidized LDL (Table 2). In contrast, produc-
ion of the anti-inﬂammatory cytokine IL-10 was lower. Secretion
atterns were mirrored by mRNA levels of all cytokines, except
hat the increase in IL-6 mRNA was not signiﬁcant (p=0.22, not
hown). In M1 macrophages, production of MCP-1 and IL-10 was
naltered after exposure to oxidized LDL. Production of IL-6 and
L-8 increased slightly, although the increase for IL-6 was not sig-
iﬁcant. LPS-induced levels of mRNA expression of the cytokines
ere unaltered in M1 macrophages after exposure to oxidized LDL
not shown).
Expression of anti-inﬂammatory transcription factors after expo-
ure of macrophages to oxLDL. To investigate whether the
nti-inﬂammatory transcription factors peroxisome proliferator-
ctivated receptor  (PPAR-), liver X receptor  (LXR-) and
rüppel-like factor 2 (KLF2) are involved in regulation of inﬂamma-
ory responses of macrophages, relative mRNA expression levels of
hese factors were measured in M1 and M2 macrophages before
nd after exposure to oxidized LDL (50g/ml, 24h). Before expo-
ure to oxidized LDL, expression of KLF2 was higher (p=0.03,
ig. 3A) and PPAR- lower (p=0.006, Table 2) in M2 macrophages
ompared to M1 macrophages. Expression of LXR- did not dif-
er between M1 and M2 macrophages (Table 2). Upon exposure to
able 2
PS-induced cytokine production and expression of nuclear receptor genes LXR- and PP
M1
Pre exposure Post exposure P-
Protein
IL-6 (pg/ml) 8683 (2390) 16,602 (4045) 0
IL-8 (pg/ml) 45,390 (5495) 96,373 (22,142) 0
MCP-1 (pg/ml) 52,757 (8725) 51,697 (10,514) 0
IL-10 (pg/ml) 95 (38) 87 (53) 0
mRNA
LXR- 0.8 (0.1) 1.0 (0.3) 0
PPAR- 2.5 (0.3) 1.6 (0.3) 0
ene expression (mRNA) relative to 2M and LPS (10ng/ml, 24h)-induced production of
o oxidized LDL (50g/ml) for 24h. Results are the means (SEM) of 6 independent exp
ifferences in cytokine production and gene expression levels pre and post exposure to oL for 24h. M1 and M2 macrophages were exposed to oxidized LDL (50g/ml) for
lipoprotein B was measured in cell-lysates by ELISA (B) and intracellular cholesterol
resentative pictures (A) andmeans± SEMof 8 independent experiments. Statistical
st. **p<0.01; ****p<0.001.
oxidized LDL, in M1 macrophages expression of PPAR- decreased,
while no changes were apparent for LXR- and KLF2 expression. In
contrast, PPAR- expression in M2 macrophages was unchanged,
expression of LXR- increased, and expression of KLF2 decreased
(Fig. 3A) following exposure to oxidized LDL. Overall, these results
show an inverse association of KLF2 expression with expression of
pro-inﬂammatory mediators.
Involvement of KLF2 for the modulation of cytokine production in
macrophages. To assess a causal role for KLF2 in regulation of M2
macrophage inﬂammatory responses, we performed small inter-
fering RNA (siRNA) experiments to knockdown KLF2. Treatment
of M2 macrophages with siRNA targeted to KLF2, led to a signif-
icant 35±5% reduction in KLF2 gene expression as compared to
mock treatment (Fig. 3B). In the absence of LPS, production of IL-
6 and IL-10 remained below the detection limit. Basal production
of IL-8 and MCP-1 were measurable but did not signiﬁcantly dif-
fer between both treatments (not shown). Upon stimulation with
LPS, however, cells treated with siRNA targeted to KLF2 secreted
more MCP-1 (p=0.04), less IL-10 (p=0.07) and equal amounts of
IL-6 and IL-8 (Fig. 3B). At the mRNA expression level, basal MCP-1
expression was higher in cells treated with siRNA targeted to KLF2
(+195±22%,p=0.0003), but LPS-inducedMCP-1expressiondidnot
differ signiﬁcantly (+19±6%, p=0.09).
AR- by M1 and M2 macrophages pre and post oxidized LDL exposure.
M2
Value Pre exposure Post exposure P-Value
.07 2012 (306) 7979 (1129) 0.005
.04 22,418 (3230) 91,030 (15,217) 0.006
.89 54,779 (7448) 76,480 (5069) 0.005
.81 1588 (251) 809 (264) 0.02
.16 1.1 (0.2) 1.9 (0.2) 0.04
.03 0.9 (0.2) 0.6 (0.1) 0.10
cytokine protein was measured in M1 and M2 macrophages unexposed or exposed
eriments performed with cells obtained from 6 donors. Statistical signiﬁcance of
xidized LDL was tested by Student’s t-test.
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Fig. 3. KLF2 expression by macrophages pre and post exposure to oxidized LDL, and effects of KLF2 down regulation on inﬂammatory responses of M2 macrophages. (A)
Pre and post exposure to oxidized LDL (50g/ml, 24h) expression of KLF2 mRNA relative to 2M was measured by Real Time qPCR in M1 and M2 macrophages. Results
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hen transfected with non-targeting siRNA or siRNA targeted against KLF2. Thereaft
ith LPS (10ng/ml) for 24h were assessed in separate wells. Means± SEM (n=5) of
ompared to non-targeting RNA are presented. Statistical signiﬁcance of difference
. Discussion
In thepresent studywedemonstrate that alternatively activated
2 macrophages, but not classically activated pro-inﬂammatory
1 macrophages, rapidly accumulate oxidized LDL, suggesting
hat M2 macrophages are most susceptible for foam cell for-
ation. Moreover, we show that pro-inﬂammatory responses of
holesterol-loaded M2 macrophages are enhanced and that the
ranscription factor KLF2 is speciﬁcally involved in controlling
xpressionofMCP-1. Anenhancedproductionof pro-inﬂammatory
ytokines by M2 macrophages residing in subendothelial spaces of
he vessel wall could contribute to the initiation of atherosclerosis.
Accumulation of LDL and secretion of pro-inﬂammatory medi-
tors by monocyte-derived macrophages in the vessel wall
re considered critical in the pathogenesis of atherogene-
is. Recently, Kruth and colleagues showed that spontaneous
eceptor-independent ﬂuid-phase macropinocytosis of native LDL,
mechanism that may contribute to foam cell formation in vivo,
ccurs preferentially inmacrophages differentiated in the presence
f M-CSF plus IL-10, a model of M2 macrophages [10,13]. How-
ver, atherosclerotic plaques contain high amounts ofmodiﬁed LDL
hat is recognized speciﬁcally by macrophage scavenger receptors
nd can also lead to formation of foam cells. Therefore, we inves-
igated the uptake of oxidized LDL by classically activated M1 and
lternatively activatedM2macrophages.M1macrophages are con-
idered a model for pro-inﬂammatory macrophages that inﬁltrate
issues during an inﬂammatory reaction, and are mainly responsi-
le for exerting host defense actions during infection. In contrast,
2 macrophages are considered to be closely related to resident
acrophages that both initiate the inﬂammatory process, and later
ontribute to tissue repair. Our data clearly demonstrate that alter-
atively activated M2 macrophages, rather than M1 macrophages,
ake up oxidized LDL abundantly. The uptake of oxidized LDL may
redominantly occur through CD36, as this scavenger receptors
as expressed higher in M2 macrophages as compared to M1
acrophages and as compared to SR-A and LOX-1, and its expres-
ion in M2 macrophages increased upon exposure to oxidized LDL.
n contrast, the lack of any differences in expression levels of the
holesterol efﬂux transporters ABC-A1 and ABC-G1 between both
acrophage phenotypes implies that enhanced uptake of oxLDL
rimarily primes M2 macrophages towards foam cell formation.
oticeably, in a previous study (Kruth et al.), no differences were
bserved in the uptake of native LDL between both macrophage
opulations. This dissimilarity may be explained by differences in
oncentration of LDL used during the in vitro studies (50g/ml vs.
000g/ml of native LDL used in the study by Kruth et al.).6 donors. (B) Macrophages were cultured in the presence of M-CSF for 4 days and
NA expression of KLF2 relative to 2M and secretion of cytokines upon incubation
ntages of differences in outcome of macrophages treated with KLF2-targeted siRNA
ne expression levels was tested by Student’s t-test.
While inﬂammatory responses of M1 macrophages did not
change following exposure to oxidized LDL, LPS-induced expres-
sion of pro-inﬂammatory cytokines in oxidized LDL-loaded M2
macrophages was increased and equaled levels of unexposed M1
macrophages. In addition, expression of the anti-inﬂammatory IL-
10 cytokine was reduced in oxidized LDL-loaded M2 macrophages,
providing M2 macrophages an inﬂammatory proﬁle comparable
to that of M1 macrophages. Up to now an increase in inﬂamma-
tory capacity upon exposure to oxidized LDL was reported only in
murine macrophages [9]. Ohlsson et al. previously found no alter-
ation of inﬂammatory responses (measured as expression of IL-1
and TNF) of human GM-CSF cultured macrophages (a model of
M1macrophages) exposed tominimally oxidized LDL [7], similar to
ourﬁndings.However,when they exposed these cells tomediumor
highly oxidized LDL, the inﬂammatory responses decreased. In the
present study we only used minimally oxidized LDL, as this caused
no cellular toxicity and accumulated strongly in M2 macrophages.
Mikita et al. also reported a reduction of macrophage inﬂammatory
responses after exposure to oxidized LDL, but they used PMA-
stimulated THP-1 macrophages and a concentration of oxidized
LDL twice as high as we did [8]. Hypothetically, receptor-mediated
uptake of other forms of modiﬁed LDL found in atherosclerotic
plaque including acetylated LDL may also be similarly enhanced
in M2- vs. M1-polarized macrophages.
To unravel the mechanism behind the enhancement of the
inﬂammatory capacity of M2 macrophages loaded with oxidized
LDL,wemeasured the expression levels of the nuclear transcription
factor KLF2. KLF2was identiﬁed as an endothelial transcription fac-
tor upregulated by prolonged laminar shear stress and expressed
in endothelial cells of atherosclerosis-resistant regions of the
human aorta [14]. KLF2 was shown to mediate anti-inﬂammatory
effects of atheroprotective ﬂow, presumably by inhibiting the
pro-inﬂammatory transcription factor ATF2 [15]. KLF2 is also
expressed in monocytes [16] and recently, Das et al. reported that
THP-1 cells overexpressing KLF2 displayed reduced LPS-mediated
induction of pro-inﬂammatory cytokines and chemokines, and
conversely, that siRNA-mediated knockdown of KLF2 led to an
induction of pro-inﬂammatory gene expression in murine mono-
cytic J774a cells [17]. Very recently, Tuomisto et al. showed
that human monocyte-derived macrophages also express KLF2
and that MCP-1 and tissue factor are target genes of KLF2 that
are down-regulated upon upregulation of KLF2 gene expression
using lentiviral gene transfer [18]. In the present study we show
that pro-inﬂammatory M1 macrophages have lower expression of
KLF2 than anti-inﬂammatory M2 macrophages. Moreover, expo-
sure to oxidized LDL led to a decrease of KLF2 expression in M2
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acrophages, while the pro-inﬂammatory responses of the cells
ncreased. Finally, treatment of macrophages with siRNA targeted
o KLF2 markedly reduced KLF2 expression and simultaneously
ncreased MCP-1 secretion by the cells upon stimulation with LPS.
CP-1 plays an important role in monocyte recruitment, which
s an early step in the initiation of atherosclerosis. Mice deﬁcient
f MCP-1 or its receptor CCR2 were reported to be considerably
esistant to the development of atherosclerosis [19,20]. Thus, our
ata underscore the potential role of KLF2 as a downregulator of
nﬂammatory signaling, especially the chemokine MCP-1, in oxi-
ized LDL-loaded M2 macrophages. In monocytes, KLF2 is thought
o suppress pro-inﬂammatory responses by inhibiting the tran-
criptional activity of bothNFB and activator protein 1 [17],which
re well established key regulators of cellular gene expression in
esponse to a broad range of inﬂammatory stimuli [21,22]. The
ame mechanism may apply to macrophages. This would ﬁt with
he ﬁndings of Groeneweg et al., who demonstrated that the oxi-
ized LDL exposure-induced enhancement of pro-inﬂammatory
apacity was associated with an increased NFB activity [9].
PPAR agonists and liver X receptor agonists have been shown
o dampen inﬂammation and in general have beneﬁcial effects
n atherosclerosis. PPAR- and LXR- were previously shown
o be upregulated during alternative activation of macrophages
23–25]. In contrast, however, we and recently also Waldo et al.
10] found higher expression of PPAR- in M1 macrophages than
n M2 macrophages. Furthermore we observed no change of PPAR-
expression in M2 macrophages exposed to oxidized LDL and an
ncrease in the expression levels of LXR-. Thus, these ﬁndings are
ot supporting a role of the anti-inﬂammatory functions of PPAR-
nd LXR- in macrophages treated with oxidized LDL.
In conclusion, we demonstrate that foam cell formation pre-
ominantly occurs in anti-inﬂammatory M2 macrophages. As a
esult, the phenotype of alternatively activated M2 macrophages
hifts to a pro-inﬂammatory proﬁle. Such a switch in pheno-
ype is likely to have important consequences for development of
therosclerotic lesions.
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